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Abstract ) : -

Efforts to_define the impact of programs have resulted in an
important distinction between the statistigal questidén of reliability
of effects and the measurement question of size of effects. Pre- ,
seated here is a discussion of the size of effect question.” The size '
of any program effect, however, cannot be interpreted without first
knowing how the general effect has been constructed from ‘its companents.

- Iun this paper, the authors review points-made in the literature on the

size of effect question and then focus on the more fundamental question
of the congtruction of an aggregate prog*am effect. ’
In a mathematics’ program, for example, the saue aggregate effect

?ight be produced by a‘'large gain ip computational: skills or by a

arge gain in understanding of mathematical concepts. *Individuals or
school districts, however, may place a higher value on one of these
‘two areas, Similarly, an effect in av area to which considerable pro-
gram resources were devoted would have’différent meaning than an effeCt
in an aﬁea to which no resources were devoted.

l - .

The se1ection or construction of measures of program effects (stamn- .

dardized tests, for exampleﬁ 1s thus a crucial issue in evaluation.
Clearly, 2 small aggregate effect on a test in wijch all ,parts are con-
sistent with the program goals has different meaning from a small

¢aggregate’ effect on a test which has only 50% overlap with the program
goals.

Standardized norm referenced tests are typically designed to

maximize,individual differences and are not unecessarily well suited to
estimate program impacts. -Rather, tests should be chosen or constructed
dn the basis of the content or goals of the program to be evaluated,

. .

In a currentnIRT study ‘of the content of fourth - grade mathematics,
8 method of describing content was developed thﬁpugh an iterative process
‘of analysis and classification of items on &tandardized tests, beginning.

- with the mathematics sections of the most widely used standardized tests:

the*Stanford Achievement Test (SAT) the Towa Test of Basic 'Skills (Iowa)
the Metropolitan Achievement Test (MAT); end the Ca1ifornia;Iést of
Basic Skills (CTBS). < ¢. *, .

, . . - v

Substantial differences. were found among the standardized tests.-~

On the Towa, 407 of the items were story problems, compared .to 227 for -
the CTBS, for example. Clearly, the ntandardized tests selected can
interact with thes content of instruction in ways that could produce
dramatically different aggregate estimates ‘of program impact. ‘

§ [

<

Such analyses of tests and instructional materials lead to new
approaches in program evaluation. Test selection and construction can
be impreved by attention to the content areas emphasized. Analysis, of
materials can be used to provide a better match between instriction and

147
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.used to aggregate effects in tlese areas is understood,

-

.

evaluation. The analysis might alsc be @xtended to the content pre-
sented in programs, which might prove useful for comparisons of
programs or for studies of program implementation.

«

Once the content areas covered by a measure and the procedure
the problem
of size of effect must still be addressed.’ But no sensible solution

can be offered until the aggregatibn in the outcome measure is better
‘understood.

- “

-

.
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« IMPACT ON WHAT?: THE IMPORTANCE OF CONTENT COVERED
. i L
. -4 . ‘ ' .
o ; by Andrew €. Porter, 23 . .
- . William H., Schmidt, Robert E. Floden, ., ' K
) and Donald J. Freeman N
) ; LI : - ¥r P T
\ ~ . ey il .t
| 1 ' Introduction oo .

. . . .-
- t- . .}o , .
. - .

When defining'the impact af ﬁrograms it is important to, distinguist

between the re1iab111ty of effects (a statistical question) and the size

.

of effects (a meesurement'question). The statisticai questioh hfs al- .
,'ready been ;dequately defined,:bnt the measurement question has not. .
Traditionally, ‘the. measurement question has been st;ted' :Whéttsize ]
must a program effect attain to be practically.si;nificant?" Prac;ical

significance, in turn, has beep deliberately)or inadvertently equated

with various indices such as statistical significance, strength of an

association, or standard deviation units. These efforts to define T,
. ¢ ’ . . : .

practical significance, however, disregard the fact that any program

& . . - o, '

eftect is estimated with an-aggregate measure which cannot be interpreted

v
«

-

. .1 .
' 5 , - 2Paper presented at the 1977 meeting of the EveluationsResearch Society. -
” fhe authors wish' to thank Jack Schwille for his helyful comments and ¢
critigue on.an earlier draft of this paper. . T <

The authors are senior researchers at the Institute for Research on
Teaching and members of the Outcome Measurement research group. In addi~
tion, Andrew C. Porter is the‘group coordinator and & professor .of edu- :
cational psychology "William H.' $chmidt is @n associate professor of
educational psychology, and Robert E, Floden as assistant professor of
teach®r education. Donald J. Freeman is an associate professor of stu-
dent teaching and professional development and a professor in the University' ¢
College, Student Affairs.
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: without first considering the components aggregated. The primary focus.

- of this paper, thexefore, " is, the-fundamental question of the’compogition

- . of an aggregate program effect. The analysis begins with a critical R

: “ review of efforts to define practical significsnce. It then focuses .

. . . ..

on gmpirical unidimensionality and item-byhtreatment ince:actions;

N ¥ . :
. ' two concepts which are central to the interpretation of aggregate

» s

. . program effects.” fhe papen concludes with an illﬁatrative content-
/

v \ analysis of standardized mathematics tests and a brief discussion of -

.y N Y v

how such content analyses are significant for the size of effects - !

. -

’ LY N
.

problem,~ . )
. A . .
s - ‘ . . ¢

) - Past Efforts to Define Practical Significance ’

. J . Four general problems with past attemgts to assess the size of )

“ ) e < . ' . k
effect car be idehtified First, many researchers confuse practieal

¢

significance_with°statistic§1 significance; ne{ther type of significance °
e . LN

implies the other. This confision is perhaps the most ftequent misin-‘

. N 4 S -‘

/ " terpretation of the size of program.effects. In the behavioral sciences,
-2, N ' - Qé ¢ N h ’ '
this confusion may well stem from an histqrical preoccupation‘yith testy -

, ing the null hypothesis. Since the’ resu1ts of tests for statiﬁtical )

. Significance are on a dichotomous scale* (significant or not), there is

-~ @

1itt1e information immedidtely available tv provide furgher‘guidanqe. .
. ’ /

¢

Someﬁinvestigators have attempted to squeeze extra meaning from signifi- -
N A
X cance tests by reporting resu1ts ‘from "a1most signifidant" to "highly

A

significant." It is well known however, that any nontrivial nu11

hypothesis can be rejected given sufficient precision of ana1ysis. For

example, ‘an F,test‘statistic for differences of means has sample 3size

H 2;7\ P . . - ,

~ -

R . . R DR . . A

o 8
ERIC ° |
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in its numérstor and so can

effect BEiné.investigateq.

=

be manipulated quite independently of the

~

- L S N

In that sense, the null hypothesgis can be -

.

,answer for défining practical signjficance,

" well as in defining practical significance.

"ofsa given size may vary with its location on a scale.’

. ) % . .
‘Zties may be assigned to a fixed(idcrement at different- points on by scale. >

P » T . N
osis that many size of effect indices are influenced by factors independent

thought of as a "straw man" (Kempthorne &'Folk%3 1971, p. 347) and L/

any failure to rej%ct it as a Type II étror.\ Evidence of statigtical

~

significance, therefore,, is not sufficient -to support policy. s v

.

Morrison and Henkel (1970) have provided an interesting collection

of articies‘dealing with the significahce test controversy, severa1 of -
. 4, ' o

which comment direct1y on the important distinction between practical

- -
) -

*.’and statistical significance. «While none of the articles provided an

N "’\

tt was pbinted-out thet ' o

. P 4

value judgments are at issue in defining statiatical significance as .
‘ ~ ‘ A f~
In the case of statistical

s1gnif1cance, however, the value question is~re§01ved through convention

’

- M o
when the 1nvestigapdon agrees on one or two 1eve}s of sigpificance.
/ <@ ‘
In that same collection, Gold (1969) indicated a second difficulty
-
in defining the importance of an effect;’ the importance of an effect

”
*

piffereht utili-
. . ' _— °

¢

Even for interval scale data, a oﬁe unit effect may‘have different mean-. ~ ~ .
- . Al

. ing depending upon its 1ocation along the scale continuum. fhe posaibilitv' ) .

of sh’fting importance was recoQ?nzed long ago in another context when » -

iy [y I3

Dalton (1920) 3tated that increments ‘in income have progresaively less ¢

uti1ity after the basge income reaches a certain level., ~ ] . ' oo

N . Py .

A’third prob1em with “past attempta to define practical significance

A . : ; -

' . N . . . &
of the utilit}) of,an effect. fhua, single efﬁects'may,produce widely




N B
el - ¢ .

. . . varying va1ues'depending on factors such as populatiod heterogeneity.

. -
LY . . 4

. and amount bf -measurement error. These difficultfes plague ‘even such N

"scale free' estimates as measures of association and measures in )
. 4 : .
. . . d ' .

standard deviation units. -

' .' y ' , , ‘,,

Many suggest that reporting an index of iasodiation which is 2 -,
a(

Vel relatively insensitive to samp1e size will avoid the problems suggested

~

. ,hy equating statistical and practical significance. Eta squared, epsilon .
. . . . - e .

* squared, omega squared, and the Pearson co;;elation have all ‘been used
kg:;_ ‘( ’ in an-attempt to indicate the pract1ca1 importance of obsefved re1ation7
ships, A substantial body of 1iterature has evolved surrounding the .
. ‘o

'relative advantages and disadvantages of these indices (e.g., Cohen

~

~
.

1969 Friedman, 1968 Hays, 1963 Kennedy, 1970) -In practice, the Q : ‘,

small, differences among indices are probably of 11tt1e 1mportance'

-

given the imprecision of the data from which they are ca1cu1ated

- N !

Furthermore, the sampling fluctuation-of the index is often ignoreds'

* Most advocates of méasutesgof association first ask if the relationship !
. ‘ A . ’ - ° ' a
s is significantly different from Zero. * Once statistical significance: !

. ¢
I v f . .

has been observed 'however, it is common'pra‘tice to forget about s
» . - » ®

sampling fluctuations and intergret the point estimate of association _, .°%

as ,a parameter. Thus, ‘if the criterion for importance is 10% or more <

. ! » . A “~r 3 R
2 .

. of the wariance accounted for, a sampIe R of ,10 or larger is: taken N

. »

— . 6- - . ‘ . '..

to.meet the cxiterion. .. . A 2 .

AN . - . R ’

G1ass and-Hakstian (1969) have been critical of aIl indices of .

N
. .

. .assocation .at least for use in designs invoLving fixed effects._ Theyb

. . - eo »
.
. ~ ¢ v .

. express concern that researchers will be misleikinto interpreting a R

fixed effect as though it were random. To their concern it should be t

E ‘ - .
3‘2 . F] .
. . . .
R ;

o an
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> ) Y A . ) ! Co A
added that the measures of asfociation are all functiong which deperd, *
. ? ~

upon the heterogeneitf of the population s€lected for {nvestigation.and

- N .
the amount of measurement error. in” the varjiables. Neithrr hetero-, a .
. 3 - 4

geneity noxr @easurement error is likcly to cgvary with practical ’ : tt

- v . -

signifiaance, however defined Clearly, then defining practical

>
b [

Significance in tErms of an index ofeassoeiation is potentia11y mis- ' e

M ’ PR ; 0

. T . N . - f -
1eading. . — T e .

a >

-3

LY g . . “
> . w e e . . e, .
Even if measures of association‘are ugeful for decidtng,what consti- .

., e R . , . . 3

‘s 2 ] ,‘ . >

-~ -

tutes a strong relationship, this question remains; . "How large must°1 c
S .

n ‘e,
B

the index bes to be:practically significant?" It is deficult to decidé -

¥ 2 . . <
A .

" how much vatiance explainedxis sufficient to have'practical value . o

.
. - '

{
(particularly if the indgbendent variable ig qualitative with more than L. -

two Levels) In reference to estimates of aptitude by treatment 1nter- A

actions, Cronbach and Snow (1977) assert that a .40 difference between

) L. % ) ot
standardized regression coefficieSZ; "seems 1ike1y to be theertically ) ,y. )
important " ag is "a differeucé betveen trahsfbrmed corre}atign coefficiﬁnts .-

" of 424" (p. 56). while they proVided-no substantive.;ationale for their ‘
&criterion they did add the caveat’that ﬁcosts‘;td uti1ities)cou1d _.N ° _
‘»warrantaspecifying A greatev or sma11er effect size" (b. 56). '|\ * ~

Others who distinguish practical significance from statistical signif-
] v \‘.
icance have turned ‘to expressrng effects in standard deviation units.
Criteria such as .5 or more standard deviations have been ‘used when judging
. E‘ [ ]

“the importance of findings from eva1uati0ns (e.g., Westinghousi Learning

.,

.

v

Corporation,,196ﬂ) In addition, stdndard deViation units have near1y’

universaL application in defining the size of effect to be ‘detected in

2 5 . ¥ -

‘4

. . ‘o 5 - ..
. : ) et 5
. ¢ - .




f LS ‘,'y,f- '.u 3\
. e ¢,

>

. .. . study? Should it gecthe standard dev1ation defined on-individuals even

<

or

P

ERIC -

Y

. .. s ‘ L7 i
3.0 Tes of association.provide the metric least sensitivn to factors :

-
(;

52 ori power calculatione (Brewer, 1972 Couen,,1969 Subkoviuk & Levin,

¢

19715. But which'standard deviation should be used9 Should it_be~the

’

;qnare root of the error VBrxance-for testing the significance of an

. 1 N e

[

-

effect and so perhaps differ from hypothesis to hypothesis within a
N .

' a

LY b v .

when the unit of ahalysis is some aggr&gate of indiq@dunls? These and

) RSN :‘ . ..,

simirar questions remain unanswered . S . Ll
. ~ 1] 4 . X} . Vi

oo f ,: A e Lo . .

DeSpite the Qiffi;ultfes,,mnst peﬂpke:foncérnediwith conﬁpcting 2
.evaluations agree’thht an evaldator shou1d=decide for-him/herself Yor

-

,-
\)'o

N .
his/her client) what constitutes p;actical signif}cance and césign the o

o

.
.

evaluation and report the results accordingly (eg., Boruch 1977)
¢ . < .

+ thé"three proceﬂures for definimg practical significance just‘reviewed;

-

N .

conceptually unrelated to the 31ze of a program effect‘ in that sense,

< R - "
-

they seem best sdﬂSed to Lhe problem of defining practical significance.

./ .

l o

iRegardless of nietric, howeve what constitutes an important effect\
Y . p .

* in an evalugtion éepends-on~va1ué judgments which may be madf‘in &iffér-

y

- L 4

ent ways by oifferent parties: ) o . . L .
« ‘ - L . ) - -
’ The fourth problem with previousg agtempts at défining practical

. . . ~ : : t o
significadce 1s poor reporting pragtice that makes it difficult - if
: gn s . N .

.not impossibie =~ to reasonaply assess “the utiLityVOf 9 programéeffecp

"

. w%;hout access to the original‘@ata. The latck of reported information

«gbout the compositions of an outcome measure forces the reader to accept

- : . w . .
the evaluator‘s-values. Even wors.:, "t may be that the evaltator is

. .
N « - . R

nz}ve about the validity of ‘his measure{. Id reporting results, there~_

T f re, it seems readonable to striye to present sufficient informétion

. . -

s, . A ‘




\interbreting the findings.

\ . . ‘ \ ¢
about the varialles so that others might exercise their own values when
. . ) ] , .

4 3

rs i

P

" cance considered thuslfar facilitate the practice of reporting progradm

effects without providing information about the composition of the

13 »

dependent veriable. The éxtgnt of thisvreporting problem.is indicated

-
»

in Anderson's review o§ 130 articles (in t@e Journal of Education

v Pgychology and the American Educationél Research Journal) from June

1964 to February 1971 in which one or more homemade tests of reading’
1

-

comprehension were used:

"Most investigators reported nothing about their tests beyend -
such rudimentary information as the number of items and the
response made. Several investigators did not hint that a test
was used until the analysis of variance was described, at which
point, the test was mentioned no more. One investigator char-
acterized his test in a single Sentence. “Criterion achievement
was measured by the final achievement test." (1972, p. 163)

Dimensionality of Achievement Tests

Aside from the four problems discussed above, the common practice

-

of thinking about the size of an effect in terms of an aggregate measure

is’, %n itself, likely to be misleading. An achievement test generally

assegses achievement in a number of content areas. Thus, identical
!

aggrégate scores on an achievement test do not necessarily reflect the

same level of achievement across all content areas. In a mathematics

v

program, for example, the same aggregate effect might be produced by

a large gain in either computational skills or understanding of

mathematical concepts. The values placed on each of these two areas
/

may differ, however. Similarly, an effect in an area to which consider-
, -~

-

; 13

Unfq;tunately, all of the methods for defining practical signifi- ° |

wt
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$ .
_ able program resou;ées had been devoted would haverdifferent meaning

than an effect in an area to which no resources had been committed.
' .
Yet, achievement tests (or at least subtests) are constructed to

be empirically unidimensional. For example, the mathematics subtests

’

of concebté, compdtatioh, and applications on the ‘Stanford Achievement
Test (SAT) Intgrmedia@é.Level I, Form A are reported to have internal

consistency reliabilities of .87, .91, and .93, respectively, when

given to beginning fifth graders. Evidence of internal consistency

has-been taken_as evidence that all items measure a single trait;

this brings into question the,utilify of identifying subsets of items
(e.g., Goolsby, 1966). -There are at least two reasons why evidence of
a-test's empirical_unidimensionglity may be misleading as to the utility

of identifying subsets of items. -The -first reason stems from the defini-

tionrof empirical unidimensionslity; the second is a function of the

3

ways in which pnidimensionality is estimated. .

The empirical "definition of unidimensionality calls for a large
. .first factor on the item intercorrelation matrix. Thus, empirical
. . < . . H
unidimensionality is a static. concept specific to the time of test

- -~

administration and Ehe population of resgqndgnts. ‘Congider a popq}ation
of respondentsg and set of?itemﬁ that yield an item intercorrelation
mat;ix with.qual off-diagonal elements. ‘Suppose half the items require
division w;thiremainQQr, half_the items require multiplication of three-
digit nutbers, and the bopulatioﬂ'of respondents.is beginning fourth

, grade students. If experiencing an intervention were to uniformly re-

< duce. the difficulty of half the items ~- for example, the intervention




/

. : ’ -~
. focused on multiplication of three-digit numbers and did not consider

" division -~ the only effect on the item intercorrelation matrix would

. . be to create a difficulty factor. The difficulty factor could be

avoided by.use of tetrachoric coefficients (Carroll, 1961). Yet,
P despite empirical unidimensionality (both prior to and after the
intervention), there is clearly a useful distinction betwgen the
two subsets of items. It is of interest, therefore, to ask whether’
. a test is unidimensional relative to an intervention, i.e.: does an
inte;vention affect all item difficulties equallyé Searchipg fer
"differential effects across items is analoéous to searching for
apt;EUde-by-treatmen:\Interactions (ATI's) and might be called the.

search for item-by-treatment interactions (ITI's).

Most test data, however, are not confined to individuals receiving
4

a single intervention. 1In education, different students receive differ-

-

R ent educational experiences, and these experiences may have different
a
effects across items. If & test is comprised of sets of items defined
Sy concepts such that the effect of an intervention is'ﬁ?nstané*within
“each set, and if the effects of interventions vary with less~than~perfect
correlation across sets of items, the sets should be reflected in the

pattern-of item intercorrelation This effect on item intercorrelations

+ occurs because the intervention effects contribute to both the covariance
and variance of items within a set byt not to the covariance of items

. ) between sets. Since data from norm groups of standardized tests would

. seem to be a case in point, the -fact that they are reported to be

internally consistent still seems to challenge the importance of ITI's.\

A

The apparent unidimensionality of standardized tests, howevér, may only

[N N - \“o‘
15




be evidence for the existence of a strong singfe dimension,” not for
. i

the absence of content factors. If, in the situation just descéibed,

h

items were arranged by concepts, the item i tercorrelat;on matrix
would be a super matrix with submatrices on the main diagonal represent-
ing within-concept correlations. If ITI's are present, the diagonal
submatrices will have higher correlatioﬁs than the off-diagonal sub-
matrices, thus yielding a factor for each concept. (The off-diagonai
submatrices could all be equal except for the effects of’varying item
difficultiﬁ: .) The off-diagonal submatrices will also tend to have
positive cor*elatlons however, because of indivi&ual diffegences in
gbtttude and the likelihood of positive correlations between‘intervention
effects across sets of items, due to the hierarchical nature of most
subject matter. The gosit@ve off-diagonal submatrices aontribute to

a single common factor. Using the Spearman-Brown prophecy formula, tpe
more concepté.included, the stronger the generél factor. Furéhermore,,
the‘fewer items per concept, the less clearly defined the second order
concepéhfactors. Thus, evidence of an iﬁternally consisteént test should
not be misconstrued as indicatiqg the uselessness in searching for ITI's
in evaluations using that test.

.When defining practical significance, then, concern for describing
test content validity for an intervention and the possibility of ITI's
are.both 1mportant: Those who hdve been interested in the possibility
of item-by-treatment interactions have,for the most part, been relatively
unconcerned about congtructing achievement tests to reflect the. con-

tent of interventions (Mandeville, 1972; Moonan, 1955). Recently, the

16
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most visible interest in ITI's has been in the area of detecting bias ":::

- S

in éxiating tests (e.g., Cleary, 1968; Jenéen, 1976). -In this context, ‘ o

few ipteractions have been fqund, though Gupta (1969) reported a sex \

A Y

by item interaction for Step-Math 2A. Likewise, those who have called R

for careful test construction to reflect the content of interventions

N\

have not seemed particularly concerned with detecting item-by-treaément =
-interactions (with the exception, maybe, of Hastings, 1966).

As usual, actual Ppractice has lagged well behind recommended

practice. The call for program-valid achievement testing in evaluation

.

(e.g., Bloom, Hastings, & Madaus, 1971; Nunnally & Wilson, 1975; Shoe-

maker, 1975) remains largely ignored. The goals of‘educational.inter-

ventions are typically vague, making difficult the selection of content=~

.
-~

: \
valid dependent variables. Even when program implementation is given
explicit attention, the content goals of the program-are inadequately

) »
considered. In the discussion of curriculum change by Fullan and

'
.

Pomfret (1977, p. 361), for example, there was little analysis of con- - .
tgnf goals (just one of five dimensions considered).

In a few notable exceptions, evaluations have included carefully
constructed program-valid achievement measures.: Hi&ely, Maxwell, Rabehl,
Sension, and Lundin (1973) provided a detailed ;ccount of their domain~ ‘
referenced evaluation of the MINNEMAST Project -~ a modern mathematics
andxscience curriculum for elementary school. In that evaluation, the
authors maké extensive use of item forms to represent domains. The
chapters in Part II of Bloom et al. (1971) also provide illustrations
of content analyses on which program-valid achievement tests might be :

: %
constructed. Finally, objectives~referenced test systems which are

1
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commercially available make it possible to copstruct tailor-made N

4

achievement tests for a few subject matter areas (e.g., SOBAR Field

’

. Manual I, 1972). In more general terms, the concept of "universe=-

defined" (Osburn, 1968; Hively, Patterson, Paée, 1968) or domaine

referenced (Hively et al,,1973) tests == where..content is made .

N . clear through rules of construction == :;ldsupromise for meeting both

L 2 \ . .

S\ ITI and reporting concerns, \ )
*

- . - 5

An Tllustration Using‘'Standardized Test Content |, -

The mainstream of educational evaluation continues to rely on

standardized tests of achievement :as opposed to tests constructed to
. \

" fit a partiéulgr need. These standardized tests are designed_to
evaluate individual student differences on a rather amorphous national-
curriculum. The méfket is déminated by the Stanford ﬁchievement Tes;s,
Iowa Tests Qf Basic Skills, California Test of Basic Skills, and/the
Metropdlitan Achievement Tests. The methods for selecting one test

over anotﬁer in any particular situation are not documented and remain
uﬁglear. For the most part, it appears that these tests are used inter=-
changeably, with frequent references made to the high intercorrelation
among corresponding subtests. As noted previously, however, evidence

of intercorrelation (internal consistency) can ﬁe misleadingcgn‘terms

of interchanging tests.

Despite frequent attacks on the ugse of standardized tests for

-

program evaluation (Airasian & Madaus, 1976; Cox & Sterrett, 1970;
N ¥
v i Shoempker, 1675), the criticism remains on an abstract level. Far

~
too few careful “analyses of standardized test content have been completed --

N




analyées which could demonstrate the link between test and program to

be evaluated and‘on which searches for ITI's could be based. Jenkins

and Pany (1976) analyzed five standardized reéading achievement tesbs Z~*

-

of word recognition at grades one ahd two and seven commercial reading

serigs, After observing differences among both tests and curricula

and an interaction between the two they concluded, "It appears doubt:-

ful that conventional achievement tests can serve as unbiased estimates

of a curriculum's effect, at 1east at ealy grade levels" (p. 12).
S i -
While s&me questions can be raised about the construction of their word

[

lists, the possibility oféjtem-by-tﬁeatmentwinteractions and misleadﬂ
ing aggregate effects is 8uppbrted. An analysis of staddardized te;ts
and curricula forgreading comprebension by Armbruster, Steven, and
Rosénshine (1977) also yielded differences between skills taught and
skills tested. The categories used for this analysis, hoYever, seemed
to be more a function qf the way in which test questions Qere asked than
the content of the text to be read. These cate;ories did not isolate

vocabulary, sentence construction, sentence length, or complexity of

) concepts, all of which are known to affect comprehension.

"

Developing a Taxonomy to Measure Content

-
.

As part of-our work on teacher decisions about the content of
instruction, it was necessary to develop a method for describing’
the variety of content taught in fourth grade mathematics. On the
assumption that the items in standardized achievement tests of mathe~
matics at the fourth grade level should reflect that variety, an

iterative process of analysis and classification of items on the

3
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Stanford Achievement Test was conducted. The result of that content . .

analysis and classification was the development of a taxonomy (shown
\

_in Figure 1 at the end of this paper). The taxonomy is a vehicie for .
illustrating test content analyses and their usefulness for defining .
+ practical significance and fnvestigating ITI's.

The taxonomy provides an explicit description of the match

3 -
- *

" between the content of a program and the content of a test-used to

evaluate that program. If an intervention addresses the content '
implied by a subset of the taxonomy cells, srén those cells identify

1Eqm domains that should be included on a tést of effects, If there
e . M 4

N are hypotheses about transfer or concern for unanticipated negative

N effects, item domains identified by other cells in the taxonomy might

also be included. Again, the taxonomy would help to maxe such interests
explicit and so increase the precisioﬂ with which they are addressed

! in the evaluation.
r .
Reporting the distribution of items across cells in the taxonomy .
%, T ’ ,
should also bé am effective and efficient way to provide information f

necessary to support value judgments about aize of effect. Further, =+
the taxonomy should be useful -in searching for.item-by-treatment inter- °
N *

£ .
actions which, if present, make interpretations of(agggggate effects
. v ‘," '

difficult, To facilitate the estimation of such interahtions, each

) Y

b3
item domain should be represented by a set of items. The number of-

items in a set need not be as large as suggested for reliability in
(\ ~
individual assessment, since item~by-treatment interactions are de-

fined on group means rather than individual scores. The standard error

of a group ‘mean is directly related to groupsize, and group size counters

the iwpact of low reliability due to .few items defining individual scores.

20
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Our taxonomy is defined by the“intersections of three "factors:

(1) mode of presentation (3 levels), (2) mnature of the maferial -
Vad

o
(13 levels), and .(3) operations (12 levels). The intersections of

«

H

these three factors results in 468 cells. In some resbégts the

. .

fagonomy may appear to be unrealistically detailed, while }ﬂ q;&:rs

it may appear to gloss over important distinctions. Our goal was<to

>

provide a level of detail  sufricient for describing teacher decisions

about content of instruction. Clearly, the extent to which there are

» . .
similarities or differences in content between'a program and a test is .

- Al .. \ .
a function of the detail level of the dgfcriptipn provided. It is im-

portant to assume’ that our taxonomy is at @ level of detail such that

{qstruction can be directed tc some cells and not others. The taxonomy

has been reviewed by several teachers involved in ﬁathematics instruc-

tion in the elementary grades, and those reviews were geﬁérallyISupportive
of the éssumﬂtion.

The first taxonomy factor -~ Mode of Presentation -~ distinguishes

-
.

between items which‘present esgsential information in graphs, figures,

tables, and tyose which do not. For those items which do not present
essential information in graphs, figures, or tahles, & further distinc-
tion is made between items_which specify the operation required for -
solution and those which do not (e.g., the tfpical story problem).

The secoud factor -- Nature of the Materiel -~ has several levels

which are aot mutually exclusive but which are ordered in complexity.

In using the taxonomy, an item is classified at the highest appropriate

level of complexity. 1In using the téxonnmy, an item is classified at

.
~a
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3 ' @ o .

the highest appropriate level of complexit-. K i= ascending order of .
: . . .

complexity, the levels are: (1) single:digits, (2) single and multiple
digits, (3) multiple digits, (4) single fractions, (5) multiple fractions,

' ., o~ .
(6) decimals, (7) percents, (8) alternative number systems (e.g., quhn.

. numerals, clock arithmetic), (9) place value, (10) number sentences,

~

(lhy algeoraic sentences, - (unknown qpantities not isolated‘by an equal .-

‘sign), (12) conversion from one scale of measurement to another, and
S Q .

-

) . »

(13) geométric figures, ' : .

-

—

. s '\.-
Lo The third factor =-=- Operations -- also includes levels which are
‘ not mutually exclusive ané again items are classified at the highest

[ N =
level, of complexity appropriate.’® Starting with the least complex, Y
the levels' are (i) add, (2) subtract without borrowing, (3) subtract

<with borrowing, (4) add or subtract fractions without a common denomina-
. 5 - N
tor, (5) multiply, (6) divide without remainder, ¥7) divide with remain-

. der, g?)'combination (more than one of the basic arithmetic pperations),
. 3 . . -

.’

(9) grouping (usé‘;f parentheseé), (10) identify equivalenté (e.g., .
. ) C .
select the figure with & fourth of its area shaded), (11) identify rule®
’ s

(e.g., number'series.problgms), (12)/ identify terms (erszen+ially voclbu=~
. ] . s 3

'
1

lary).

v .
(¥

Clagsifying £fie Content of Standardized Tests :

- .-

The popularity of standardized tests for use ?n program evaluation
makes knowledge of their content important. To thaé.ené"and to further
illu;trate the possibility.of treatment-by-item interactioﬁé on presum-
ably unidimensional tests, our taxon0m§ has been ‘used to clagsify
fourth grade.mathematkcs content on the four most widely used standardizeﬁ 4

R

o™




’ items on the Study Skills subtests p%Ftaining to matbemnticsiéere

_ three out of three posgible pairg and-two raters ‘agreeing counted as

tests: the Stanford Achievement Test (SAT), the Iowa Test of Basic

v

:Eillg (lowa), the Metropolitan Achievement Test (MAT), and the

Lifornia Test of Basic SLills (CTBS)* T SR

The items in “the mathemattcs subtests at the"foutth grade leve1 -

-
¢

for all™four standardized test batteries were independently classified b, .

by three of the authors. -Asfuming that (greement between two out of

three raters makes an iteé classifiable, 98% of allrthe items could o,

be classified. Intér-rater reliabilities 4re reported in Table 1 by

) s
test battery, subtest and dimension of the taxonomyl Only those g °. .

b}
The cell entries represent percent of possible pairs of S

! . hd

classified.

raters agreeiné} for each ited, all three raters agreeing counted as

-

N . < .
one out of three. Entries in the columns labeled C of Table 1 represent

-

agreement as to thie exact cell in the matrix. As;mightdbe expected,

the computstion subtest#$ were described with the greatest’ accuracy --

90% or more agreement at the exact cell lavel. The concepts. subtests

. .
contained items most difficult to 8escribe using the taxonomy, with - )

The four tests were nearly equdl in-

°
1

exact cell agreements near 60%.

I3

* TJTowa Tests of Basic Skills (1971); Level 10; Tests M-1, M-Z, and
appropriate items oa W-2.

Metropolitan Achievement Tests (1970); Elementsry Leve H Tests 5, 6, & 7.

Stanford' Achievement Tests (1973), Primary Level III (3rd Grade), Inter-
mediate Level I (4th grade); and Intermediate Level II (5th grade); Tests
4, 5, & 6.

. cCalifornia Tests of Basic Skills (1968); Level II; Tests 6'& 7.
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" was classified by review1ng>the independent

e . < T ’ L T N
-, ;‘.: /~ ° ‘e t . '_ i I ,‘_. . ’.' N ot
’ : ‘. r . . . . . '.‘ ) - . Al
’ - ’ . : \n . . * -
) . . . ! . . ‘ s . ~ } . " ¢ - )
the extent to which they cou1d be accurately described'}the IOWA was ,
’ . ; . /“,
a slight exception, partgcularly since it did not %ontain a subtest de= -
RS - A .
voted to computation. ) .- o, o . y

. The percentages.of items in each test battery at all levels -of

every dimension are presented in Table 2. For these\data, an item:
| gectotons o the thiee *
decisions of'the three

-

>

raters and,resolviqg disagreements to'the raters' mutual satisfaction..

”~ ’

. The reliabilities reported in TabIe 1 represent, therefore, a strong B o

. . ]

lower bound to that for data in Table 2,7 In one sense, the data in

Table 2 may be mis1eading in that,the percentages reported for the

. )

marginals of the- taxonomy cou1d be in\sireement and still there‘would .

. "be ho overlap in classification of items From the-different‘té%ts'at T
. f‘ . ¥ . - - . . .
.the cell level.. To the extent; that differences occur on the marginals,

. . ) . 'S 5 . . L. .
however, the tests do differ in content and at a rather low.level of .

.
. . “ . ]

detail. . * . ' .
. ‘for'mode of presentation,,three"of the four tests appeared quite‘
similar, but the Iowa had a substantidlly larger proportion of {tems

where essential information was p;esented ia the form of graphs, figures,”

. k

and tables. This difference was due in part to tﬁz absence-of a

computation 3ubtest on the Iowa bit not ent irely, since the raw number

4

of such items was considereably greater as well. With the Jexception

of the Iowa, roughly 20% of the items involved graphs, figuresd, or

s
~ [

" tables, and a‘little less than a third of the items-required the .

e
«

respondent to figure out the necessary operation (for the most part,
. ES
story problems).
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On the ngture of materials, there were move similarities than

differences among the four tesgt batteries. ., éfillﬁ‘some important
’ v
0 M [ ’
differences existed For example, the subtotals for the three ievels

-

v

. involving whole numbers varied from 39 - 667 with ‘the SAT having the’

.

" sentences, ‘at ‘roughly 10%, and essential units of measurement , which

?
.

highest_percentage. Other frequently-represented leyels were algebraic

[
Y

ranged from a low .of ;Z on the SAT to a high of 15% on the_MAT. Per-

< * LI . ®

i [}

.

- L8 ~ . ‘.
iﬁ cents,alternative number systems, ahd geometric figures were not em- *

»

.these differences it. must be ‘pointed out thdt for the SAT, a percent .

-

[ ]
phasized on any of the tests. \(To provide a better understanding of .

. . : X . 2
is about:.9 of an item. Further, an item is equivalent to approxi-
mately .2 of .a grade eguivalent near the middle of the norm distribu-

A

tion on the SAT math subtests.’ oo * - .

0n the operations factor the tests were quite similar in the

)

percentages of items 1nvolvingssubtract without borrowing (6% - 8%),

M
-

add or subtract&fractions vithout a.common ‘denominator (0% - 2%),
: . > . .

divide with remainder (1%), and combinations (6% - 8%). .For the re-

P -

maining levels there were mpdegt to strong differences among the tests. .
‘ . . L ! .

The MAT, for example,. had 21% addition jitems, which was aboyt eight
percentage points more tha&n the other tests. The Iowa had at least

. v ;'
five percentage points fewer-multiplication items than did the other

.

tests. Grouping was tested by the SAT but not at all by either the

MAT or the CTBS. . ¢

> .
N &
.

To provide some sense of how the tests varied in content across

grade levels, the third and fifth grade levels on the SAT were -also ‘

analyzed. The results are reported in Table'3 and are based on resolu-

. v .
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<

tion of any disagreements between two independent raters, both of-

-

whom were also raters for the data in Table 2. The-percentage'dis-

~ N g 2

b ‘ . . .
tributions of items- across mode of presentation levels remained

4 . .
nearly identical from the, third grade level to the fifth grade’level:

Under nathre of material, %the percentages for "items clagsified as

- gingle digits and-place value decreased while the percentages in- .

- . « ~

creased for items class1f1ed as fractions, decimals, and percents.

Sy e

. Surprieingly, the percent of 1tems.classif1ed as algebraic sentences -’

. <

held quite-constant at approximately 10%. '_‘_(/(
The data in Tables 2 and 3 represent descriptions of mathematics
L] r 4 W " 1

content acrosg all subtests us‘ng only thé ma)

+

irals of the taxonomy:

I

The data in Figure 2 represent‘item distributions'across the cells.of
the taxonomy for the Concepts subtest of the SAT and the'MAf. The X's
in the upper half of each cell fepresent items on the SAT, and thedo s’
4
' in the bottom half 6f each cell represent items on the MAT.

two subtests, items fell into 47 different cells. Of those 47 cells,

however, only 7 - 15% were cdmmon to both tests. While the cell level

5

analysis was most dramatic, slzable differences were reflected in com=

parisons on the marginals.

- ad

FQr example, 12% of the MAT items were

classified OperationlNot Specified while there were no such items on
the SAT. Twenty-three percent of the MAT itewms itvolved’essential
un1ts of measure while only 6% of the SAT items were classified at
that ievel. The SAT had‘Targer percentages of items classified as
grouping,‘(h% comparel to_0%), identi fy rnle,(l9% compared to 7%).and

and identify term (227 compared to 12%).

>

- - - ¢

»

Across the_

-

B

% L
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It is clear from these cod\ent.analyses that a total. score on any

~

one of the subtests considered represents an aggregate across content
areas; these aggregates might well vary in their sensitivity to afy ¢
given mathematics intervention. It seems reasonable that a similar

content analysis of a program to be evaluated would yield hypotheses

. about_potential item-by-treatment interactions. Furthermore, there

. o .
ig sufficient variance in content across tests so that some are more

* likely relevant than others for assessing the effects of a given iuter-

vention, Fiﬁally, a taxonomy i3 efficient method for comminicating to

those reading.evaluation reports the information prerequisite to de-

“ciding what constitutes practical significance.

Summary

"Defining practical significance in program evaluations is a diffi-

Py

.cult measurement problem which can only.be gsolved by an intimate famili-

arity with' the measures on which effects are estimated and their con-

tent relationship with the goals of the program being evaluted, Past
attefgts to provide general solutions to the size of effect problem have

relied on standatdized indices which can be estimated and reported with-

13

out any knowledge of what was measured. For this reason, these efforts

El

are viewed here as gteps in the wrong direction. Instead, what is
called for is a procedure whereby the content goals of the program, the

content implied by a test, and the interrelationsh{p between the’

-
two are made explicit. The procedure should investigate treatment-by-

N . !
item interactions and at the same time, describe thé measures used so

i
that, persons other than the evaluator can reach their own decisions about

practical significance. The taxonomy of fourth grade mathematics i11u§~

L
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trated the possibility°of obtaining better knowledge about variables

.- on which program effects are estimated. A detailed description of

L4 . v

the mathematics sections of the four major étandax@ized tests -=- ob-

tained with the taxonomy -- indicated rather substantial differences

Y

in content tested. From the analyses, it was clear that the standardized

.

. . . -
tests are not well suited to the task of estimating item domain by

“
. . treatment interactions, as most cells in the taxonomy were represented

. [ . “~ R .
by only one oxr two items. . .
~
L} -

~
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.Classification of ’ ) IRT/OUTCOMES
By Date . 10/11/77 .

MODE OF PRESENTATION

- . . %) .
' Graphs, Figures, Tables . s vation(s) Not Specified
N#t\:{:. I ™ J lical Objects operation(s) Spec Fugi !0\’2&0( Problems)
Heerial operation
1 121316l s el 7lsloto |t | 12}{1 12}3]a|5|6]7] 8] 9] 10j11]12){ 1 |2|3[4|5(6]7| 8]9|10{11
single dnits '
Whde 153 '
Humbers mdtinedigt | |
witiple digits -
~ single - -
Fmd'\ms‘.m‘ . T
p‘dm“‘s o
fercents
T systems. 1 ~ .
Place Value .
Number
bAlch«ic
Agseentia| Units of
Y easuremant
M&k Figum's
other | !
Opsretions 1 Add ' 71 Divides with remainder
‘ 2. Subtract wfo borrewing g. Gombination
3. Subtvact with borrowrng 9. Qrouping
§. Add oy Subtreck Fractions  jo Ldentify Equivalents :
5. Multiply \l. Tdentify Rule (Ovder)
b Pwide w/o vemainder 12. Tdent {?3' Terms ¥

X Be sure to dentify specifics on attached page.
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Classification of X~ SAT + (- MAT

B IRT/OUTCOMES
By nate__C oncepts . 10/11/77
) oo MODE OF PRESENTATION
s, Figures, Tables - : Seecified | Opsration(s) Not Spec!fied
‘f+fhe freration '“‘ QC;JCCi’s Opevation(s) Specified (Stor \’roblcmS)
Nateria| slel718l9l10]11] 12 5 9l10j11{12]| 1 |2{3]4is|6]7{8|9{10{11]|L
; ‘ KiX|x
sm3|e digits oolo 00
single dig¥ x x| X
Whele 5195 E
Nunbers mutpe digt 0 ool
multile digts o = °
_ single X, ¥ X
Fractions mulviele ®
Decimols
Percents \ X
aplternate Y X -
‘ Sys o
Place Value ; X égo X
Sentencas Number ‘ &~
b Algabraic X 0ol 13
'mniTumfs of . N
K easuremerk 5 ° o ° ) o
“Gnmatic Figares X XX ‘ !
other °

Orcnh'o.ns 1 AAd

2. Subtrast w/o borrewing
8. Subtwct witly berrewing
§ Add or Subtract Fractions

§. Mu\ﬁy\y

6. Divide w/o vemainder

#Be sure to idenkify specifics on attached Pége,
EMC' 2: Matrin Dt&t’ﬂbu.fio'\- of Ttewms owm Concepls

Subies'\'s of ¥he SAT and MAT,

3

7. Divide with remainder
g. Combination

q. Gvoué\hs

to- Tdentify Equivalents
1R Iden*:if\] Rule (Ovdev)
2. Tdentify Terms *

a)
v




‘/" - Inter-rater Agreement * ‘
/I j}
g - ' ‘ Problem Study .
, . Computation . . Concepts . Solving skills
¢ i cell
Dy | D Dy} C Dy D22 | C T D)D) ¢ Dy} D D3 C average
SAT 100 | 98| 93 92 9 | 79 | 83 63 27 86 | 93 78 100-/.'83 | 83| 83 79
MAT 100 92| 98 90 85 | 88 | 73-| 64|} 100 82 | 94 78 ; ) 77.3 -
IOWA ' 81 | 8 |70 54 83 90 | 98 78 100 82 | ~58 | 50 60.7._
CTBS 109 99| 99| 99 91 | 87 | 89 73 || 100 80 | 93 75 100 821 71.1 69 79.0
a . ? -
cell y 93.7 63.5 77.3 67.3
sverage
- " .
* Entries are percent‘of possible pairs of three raters agreeing . ) ‘
D1 mode of presentation )
D2 nature of material 1
D, operations ‘ °
3 . Nz
C cell of the matrix |, .
Table 1
o
. ’ 35




** This does not represent a level of Nature of Material, but rather the pereént

B 4 .
* entries are percents-

" of items on each test that could not be fit into the taxonomy.

36

Table 2
ITEM DISTRIBUTIONS FOR EACH FAC10R ACROSS TESTS*
" ' FOYRTH GRADE LEVEL
I
JOWA MAT SAT CTBS
I. Mode of Presentation
= graphs, figures, tables, etc. 43 15 21 i9
- operation(s) specified 29 52 53 59
- operation(s) not specified 29 32 27 22
(N=84)  (N=115) (N=116) (N=113)
II, Nature of‘Mater;al
- single digits 12 15 20° 2
- single and multiple digits 12 20 23 18
- multiple digits %4 19 22 19
- total -- whole numbers 47 54 6 39
- single fraction 6 4 S 7
- multiple fractions 5 3 - -7
) - decimals 6 5 v b 10
= percents - - 1 6
- alter. number systems - 2 1 -
~ place value . 8 3 S 4
- number sentences 6 1 2 -
- algebraic sentences 8 10 8 12
- egsen, units meas, 10 15 7 11
- geometric figures 2 3 2
' *% = other 1 1 - Q2.
ITII. QOperations

- add 12 22 /13 14
- subtract w/o borrowing 8 8 6 8
- subtract with borrowing 11 11 6 5

- add or subtract fractions
w/o common denominator 1 - - 2
- multiply =~ 11 19 16 17
. ~ divide w/Q remainder 6 9 15 14
) ~ divide with remainder 1 1 1 1
4 ~ combination 8 6 7 7
/ - grouping 2 - 5 -
Ty ~ identify equivalents 20 18 16 15
f i - identify rule (order) 11 3 9 12
K - identify terms 8 5 6 4




-~

I.

v

II.

111,

)

g .
"Table 3

. o .
1TEM DISTRIBUTIONS FOR.EACH FACTOR ACROSS GRADES

"STANFORD ACHIEVEMENT TEST y
—~ K - 2-
3xd” 4th -
, - |
\
Mode of Presentation
- grhpﬁé, figures, tables, etc. 18 .21
- operation(s) specified 59 53
- - operation(s) not specified 23 27
© (N=96)
Nature of Material
- single digits - - 26 20
- single and multiple digits . . 22 23 .
- multiple digits ) . 13 - 22
- total -- whole numbers 60 66
- gingle fraction\ 4 S
- multiple fractions - -
- decimals : - 4
- percents & &?# 1
- alter. nuunber systems - w2l 1
- place value SN a, 3": 5
- number sentences Ly .2
- algebraic sentences . }*f' 8
- essen. units meas. b 7
- geometric figures &g’ . 3
- other o3 ' -
Y
~
Operations - ‘
- add : 13. 13
- subtract w/o borrowing ¥ 10 6
- subtract with- borrowing %-; 9 6
-~ add or subtract fractions .
w/o common denominator - -
- multiply ) * 17 16
- divide w/o remainder . . 10 15
-~ divide with remainder - 1
- combination ) , 10 0y 7
- grouping - v 1 5
- identify equivalents . 18 16
~ identify rule (order) 7 9
~ identify terms : ) 4 6
‘e
%

* cntries are percents

-

~

5th
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15
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: (N=116)“ (N=120)




